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CDMA RECEIVER AND CDMA RECEIVING METHOD 



(57) A switch controlling section 204 controls a 
switching device 205 and a switching device 211 such 
that mode information, which shows that a current state 
of an apparatus is an initial synchronous mode, which is 
a power-on time, or a standby mode, which is a cell 
moving time, is input, correlation processing is per- 
formed by a matched filter 209 in the initial synchronous 



mode, and correlation processing is performed by a 
sliding correlator 210 in the standby mode. This makes 
it possible for a CDMA radio communication system to 
establish initial synchronization at high speed and to 
improve a reduction in current consumption. 
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Description 

Technical Field 

[0001] The present invention relates to a CDMA 5 
receiving apparatus, which is used in a radio communi- 
cation system, and relates to a CDMA receiving appara- 
tus. 

Background Art w 

[0002] In recent years, a radio communication sys- 
tem such as a cellular phone and a car phone and the 
like has become rapidly widespread. In the radio com- 
munication system, code division multiple access 15 
(CDMA), which has received attention recently, is a sys- 
tem in which a transmitting side radio transmits a wide 
band signal, which is secondary modulated by a 
spreading code, and a receiving side obtains a narrow 
band signal by multiplying the received signal by the 20 
same spreading code as that of the transmitting side. 
[0003] In the CDMA radio communication system, a 
base station always transmits a control signal for estab- 
lishing synchronization subjected to secondary spread- 
ing by use of the known spreading code. FIG. 1 shows 25 
a frame configuration view of the control signal for 
establishing synchronization transmitted from the base 
station in CDMA system. As shown in FIG. 1 , in the con- 
trol signal, a scrambling code and a spreading code are 
superimposed on data, and a first search code (FSC) 30 
for 

[0004] establishing slot/chip synchronization and a 
second search code (SSC) for identifying the scram- 
bling code and establishing frame synchronization are 
multiplexed in a predesignated part of symbol such as a 35 
top portion of a slot. 

[0005] In this case, the scrambling code is a long 
cycle spreading code, which is longer than the frame 
cycle and which is also referred to as long code. Simi- 
larly, the spreading code is a short cycle spreading 40 
code, which is equal to one symbol time, and which is 
also referred to as short code. 

[0006] In the radio communication system, a mobile 
station establishes synchronization with a base station 
to which the mobile station belongs when power is on 45 
(hereinafter referred to as "initial synchronous mode"), 
and establishes synchronization with a base station of a 
destination at the time of movement between cells 
(hereinafter referred to as "standby mode"). 
[0007] FIG. 2 is a view showing the conception of 50 
initial synchronization mode. In FIG. 2, base stations 1, 
2 and 3 are base stations of cells A, B, C, respectively, 
and they always transmit a control signal for establish- 
ing synchronization subjected to secondary spreading 
by use of a different spreading code, respectively. Then, 55 
it is assumed that this shows the time when a mobile 
station 4, which is in the cell A, turns on the power. 
[0008] The mobile station 4 must first establish syn- 



chronization with base station 1 to which the mobile sta- 
tion belongs as an initial synchronous mode. 

[0009] The initial synchronous mode is under envi- 
ronment such that frequency offset compensation 
(hereinafter referred to as "AFC") does not correctly 
operate and that there is no information of the base sta- 
tion to be connected. For this reason, it is important how 
slot/chip synchronization and frame synchronization 
should be established at high speed by identifying a 
scrambling code of the base station to be connected 
from all candidates for a scrambling code. In the initial 
synchronous mode, since the frequency with which 
power is turned on is low, there is no request of control 
on current consumption. 

[0010] FIG. 3 is a view showing the conception of 
standby mode. In FIG. 3, base stations 5, 6 and 7 are 
base stations of cells D, E, F. Then, it is assumed that 
this shows the time when a mobile station 8, which is in 
communication with the base station 5, moves to cell E 
from cell D. The mobile station 8 must establish syn- 
chronization with the base station 6 of a destination, 
which is in cell E, as a standby mode. 
[0011] In the standby mode, it is important how cur- 
rent consumption should be controlled in view of exten- 
sion of standby time and that of communication time. 
The standby mode is under environment such that AFC 
correctly operates and that there is information of 
scrambling codes of adjacent base stations, and that 
slot/chip synchronization and frame synchronization are 
known to some extent. For this reason, there is no 
request of establishing high-speed synchronization. 
[0012] The conventional CDMA receiving appara- 
tus uses a matched filter that can identify the scramble 
code at high speed so as to establish initial synchroni- 
zation at high speed. 

[0013] However, the matched filter has a high- 
speed synchronous characteristic but provides a defect 
in which current consumption is high. Then, the conven- 
tional CDMA receiving apparatus also uses the 
matched filter to identify the scramble code at the 
standby time, causing a problem in which current con- 
sumption is increased. 

Disclosure of Invention 

[0014] It is an object of the present invention is to 
provide a CDMA receiving apparatus and its CDMA 
receiving method that is capable of improving a reduc- 
tion in current consumption. 

[0015] The above object can be achieved by per- 
forming the switching of two kinds of correlators adapta- 
bly according to a mode of a mobile station in order that 
a matched filter, which has a high-speed synchronous 
lead characteristic, is used at an initial synchronous 
time and a plurality of sliding correlators, which has low 
current consumption, is used at a standby time. 
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Brief Description of Drawings 
[001 6] 

FIG. 1 is a frame configuration view of a control sig- 5 
nal for establishing synchronization; 
FIG. 2 is a view showing the concept of an initial 
synchronous mode; 

FIG. 3 is a view showing the concept of a standby 
mode; w 
FIG. 4 is a block diagram showing the configuration 
of a CDMA receiving apparatus according to 
Embodiment 1 of the present invention; 
FIG. 5 is a block diagram showing the configuration 
of a spreading code identifying section of the 15 
CDMA receiving apparatus according to Embodi- 
ment 1 of the present invention; 
FIG. 6 is a block diagram showing an internal con- 
figuration of a matched filter; 

FIG. 7 is a block diagram of a sliding collator; 20 
FIG. 8 is a flowchart showing the processing of a 
selection switch controlling section of the CDMA 
receiving apparatus according to Embodiment 1 of 
the present invention; 

FIG. 9 is a block diagram showing the configuration 25 
of a spreading code identifying section of the 
CDMA receiving apparatus according to Embodi- 
ment 2 of the present invention; 
FIG. 10 is a flowchart showing the processing of a 
selection switch controlling section of the CDMA 30 
receiving apparatus according to Embodiment 2 of 
the present invention; 

FIG. 1 1 is a block diagram showing the configura- 
tion of a CDMA receiving apparatus according to 
Embodiment 3 of the present invention; 35 
FIG. 12 is a block diagram showing the configura- 
tion of a spreading code identifying section of the 
CDMA receiving apparatus according to Embodi- 
ment 3 of the present invention; and 
FIG. 13 is a flowchart showing the processing of a 40 
selection switch controlling section of the CDMA 
receiving apparatus according to Embodiment 3 of 
the present invention. 



Best Mode for Carrying Out the Invention 45 

[0017] Embodiments of the present invention will be 
specifically explained with reference to the drawings 
attached hereto. 

50 

(Embodiment 1) 

[0018] Embodiment 1 explains a case in which two 
kinds of correlators is adaptably switched according to a 
mode of a mobile station in order that a matched filter, 55 
which has a high-speed synchronous lead characteris- 
tic, is used in an initial synchronous mode and a plurality 
of sliding correlators, which has low current consump- 



tion, is used in a standby mode. 

[001 9] FIG. 4 is a block diagram showing the config- 
uration of a CDMA receiving apparatus according to 
Embodiment 1 of the present invention. 
[0020] A receiving RF section 102 converts a radio 
signal received by an antenna 101 to a baseband sig- 
nal, and outputs the baseband signal to an A/D con- 
verter 103. The A/D converter 103 converts the 
baseband signal output from the receiving RF section 
102 to a digital signal from an analog signal, and out- 
puts it to an AFC section 104. The AFC section 104 
compensates for a frequency offset included in an out- 
put signal of A/D converter 103, and outputs the result- 
ant to a spreading code identifying section 105 and a 
despreading section 106. 

[0021] The spreading code identifying section 105 
identifies a scrambling code by which an output signal of 
AFC section 1 04 is multiplied, and outputs the identified 
scrambling code to the despreading section 106. It is 
noted that the internal configuration of spreading code 
identifying section 105 will be described later. 
[0022] The despreading section 1 06 despreads the 
output signal of AFC section 1 04 with slot/chip synchro- 
nous and frame synchronous timing by use of the iden- 
tified scrambling code, and outputs the despread signal 
to a demodulating section 107 and a frequency offset 
estimating section 1 08. 

[0023] The demodulating section 107 demodulates 
the output signal of despreading section to take up infor- 
mation data. The frequency offset estimating section 
1 08 estimates a frequency offset using the output signal 
of despreading section 106, and outputs a signal for 
compensating for the frequency offset to the AFC sec- 
tion 104. 

[0024] Next, the internal configuration of spreading 
code identifying section 105 will be explained using the 
block diagram of FIG. 5. 

[0025] A slot/chip synchronizing section 201 per- 
forms a correlation computation between the output sig- 
nal of AFC section 104 and a first search code FSC to 
establish slot/chip synchronization, and outputs a sig- 
nal, which shows timing of slot/chip synchronization, to 
a timing control section 202. Moreover, the slot/chip 
synchronizing section 201 outputs the signal, which has 
been subjected to the correlation computation, to an 
SCG identifying section 203. 

[0026] The timing control section 202 outputs the 
signal, which shows timing of slot/chip synchronization, 
to the SCG identifying section 203, and outputs a signal, 
which shows timing of frame synchronization, to a 
matched filter 209, a group of a plurality of sliding corre- 
lators 210, and a despreading section 1 06, respectively. 
[0027] The SCG identifying section 203 performs a 
correlation computation between the output signal of 
slot/synchronizing section 201 and a second search 
code SSC to establish frame synchronization, and out- 
puts a signal, which shows timing of the frame synchro- 
nization, to the timing control section 202. Moreover, the 
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SCG identifying section 203 outputs the signal, which 
has been subjected to the correlation computation, to a 
switching section 205. At the same time, the SCG iden- 
tifying section 203 identifies a scrambling code group 
(hereinafter referred to as "SCG"), and outputs informa- 5 
tion of identified SCG to a scramble generator 206. 

[0028] A switch controlling section 204 outputs a 
control signal for performing the switching of switching 
devices 205 and 21 1 based on mode information, which 
shows whether a current state is a synchronous mode 10 
or a standby mode. 

[0029] The switching device 205 is switched by the 
control signal output from the switch controlling section 
204, and outputs the output signal of SCG identifying 
section 203 to the matched filter 209 in the initial syn- 15 
chronous mode and to the group of the plurality of slid- 
ing correlators 21 0 in the standby mode. 
[0030] The scrambling code generator 206 outputs 
scrambling codes included in the identified SCG to a 
multiplier 208, sequentially. Moreover, a spreading code 20 
generator 207 outputs spreading codes to the multiplier 
208, sequentially. 

[0031] The multiplier 208 multiplies the scramble 
code output from the scrambling code generator 206 
and the spreading code output from the spreading code 25 
generator 207 so as to generate a code in which two 
codes are superimposed on each other, and outputs the 
resultant to the matched filter 209 and the plurality of 
sliding correlators 21 0. 

[0032] The matched filter 209 performs a correla- 30 
tion computation between the output signal of switching 
device 205 and that of the multiplier 208 with frame syn- 
chronous timing in the initial synchronous mode, and 
outputs the signal, which has been subjected to the cor- 
relation computation, to the switching device 21 1 . 35 
[0033] The sliding correlator 210 performs a corre- 
lation computation between the output signal of switch- 
ing device 205 and that of the multiplier 208 with frame 
synchronous timing in the standby mode, and outputs 
the signal, which has been subjected to the correlation 40 
computation, to the switching device 21 1 . 
[0034] The switching device 21 1 is switched by the 
control signal output from the switch controlling section 
204, and outputs the output signal, which is sent from 
either the matched filter 209 or the sliding correlator 45 
21 0, to a peak detecting section 212. 
[0035] The peak detecting section 212 detects the 
maximum value from correlation values corresponding 
to the respective scrambling codes, identifies the 
scrambling code, and outputs the identified scrambling so 
code to the despreading section 106. 
[0036] Next, the following will explain the internal 
configuration of each of the matched filter 209 and slid- 
ing correlators 210, which are shown in FIG. 5, with ref- 
erence to FIGS. 6 and 7. FIG. 6 is a block diagram 55 
showing the configuration of matched filter 209, and 
FIG. 7 is a block diagram showing the configuration of 
sliding correlator 210. 



[0037] The matched filter 209 shown in FIG. 6 has 
a plurality of delay elements 301 , and a plurality of mul- 
tiplexers 303 multiplexes the respective input signals, 
which has been sequentially delayed by delay elements 
301 , and a code, which has been obtained by multiply- 
ing the scrambling codes stored in a tap coefficient stor- 
ing circuit 302 by the spreading code, and an adder 304 
adds the output signals of multiplexers 303. 

[0038] Since this makes it possible to calculate a 
correlation value between the candidate scrambling 
code and spreading code at one cycle, the matched fil- 
ter 209 has a feature in which a correlation computation 
speed is high. However, the matched filter 209 has a 
defect in which current consumption is high. 
[0039] While, the sliding correlator 210 shown in 
FIG. 7 has one delay element 351, and a multiplexer 
353 multiplexes the input signal, which has been 
delayed by the delay element 351 , and a code, which is 
obtained by multiplying the scrambling codes stored in a 
tap coefficient storing circuit 352 by the spreading code, 
and an adder 354 adds the output signal of multiplexer 
353 for one frame period of time. 
[0040] Since this makes it possible for the sliding 
correlator 210 to have a feature in which current con- 
sumption is low. However, the sliding correlator 21 0 has 
a defect in which a correlation computation speed is low. 
[0041] In other words, the matched filter is suitable 
for capturing synchronization in the initial synchronous 
mode, and the sliding correlator is suitable for capturing 
synchronization in the standby mode. 
[0042] Next, an explanation will be given of 
processing, which is performed by the switch controlling 
section 204 shown in FIG. 5, using a flowchart of FIG. 8. 
[0043] First, in step (hereinafter referred to as "ST") 
401 , when mode information is input to the switch con- 
trolling section 204 from an external apparatus (not 
shown), the switch controlling section 204 determines 
whether a current state is a synchronous mode or a 
standby mode in ST402. 

[0044] Then, in ST403 and ST404, if the current 
state is the initial synchronous mode, the switching 
devices 205 and 211 are controlled so that correlation 
processing is performed by the matched filter 209, and 
if the current state is the standby mode, the switching 
devices 205 and 211 are controlled so that correlation 
processing is performed by the sliding correlator 21 0. 
[0045] Next, the following will explain the flow of the 
signal received by the CDMA receiving apparatus 
according to this embodiment of the present invention. 
[0046] The receiving RF section 102 converts a 
radio signal received by the antenna 101 to a baseband 
signal, and the A/D converter 103 converts the base- 
band signal to a digital signal from an analog signal, and 
the AFC section 104 compensates for a frequency off- 
set and the resultant is input to the slot/chip synchroniz- 
ing section 201 . 

[0047] The slot/chip synchronizing section 201 per- 
forms a correlation computation between the received 
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signal, which has been subjected to AFC, and the first 
search code FSCto establish slot/chip synchronization, 
and the established slot/chip synchronous timing is 
input to the timing controlling section 202. 

[0048] The SCG identifying section 203 performs a 5 
correlation computation between the output signal of 
slot/synchronizing section 201 and the second search 
code SSC so that the scrambling code group is identi- 
fied, and frame timing is detected at the same time. 
[0049] The framing timing is input to the timing con- w 
trol section 202, and information of the identified scram- 
bling code group is input to the scramble generator 206. 
[0050] The scrambling code generator 206 sequen- 
tially outputs scrambling codes included in the identified 
scrambling code group, the multiplier 208 multiplies the 15 
output scramble code and the spreading code output 
from the spreading code generator 207 so as to gener- 
ate a code in which two codes are superimposed on 
each other, and outputs the resultant to the matched fil- 
ter 209 and the sliding correlator 21 0. 20 
[0051] Moreover, the received signal, which has 
been subjected to frame synchronization and output 
from the SCG identifying section 203, is input to the 
matched filter 209 through the switching device 205 by 
control of the switch controlling section 204 in the initial 25 
synchronous mode, and the received signal is input to 
the sliding correlator 210 in the standby mode. 
[0052] Then, in the initial synchronous mode, the 
matched filter 209 calculates a correlation value by a 
correlation computation between a data portion of the 30 
received signal and the code generated by the multiplier 
208 in a state that the slot/chip synchronization and 
frame synchronization are established. Further, in the 
standby mode, the sliding correlator 210 calculates a 
correlation value by a correlation computation between 35 
a data portion of the received signal and the code gen- 
erated by the multiplier 208 in a state that the slot/chip 
synchronization and frame synchronization are estab- 
lished. 

[0053] The correlation value, which has been out- 40 
put from the matched filter 209 or sliding correlator 21 0, 
is input to the peak detector 212 through the switching 
device 21 1 by control the switch controlling section 204. 
[0054] The peak detector 212 detects the correla- 
tion value, and a scrambling code, which has a maxi- 45 
mum correlation value, is identified as a scrambling 
code for a base station to be connected. 
[0055] The despreading section 1 06 despreads the 
received signal, which has been subjected to AFC, with 
timing, which has been subjected to the slot/chip syn- 50 
chronization and frame synchronization from the timing 
control section 202, by use of the identified scrambling 
code. This despread signal is demodulated by the 
demodulating section 107 so as to take up information 
data. Moreover, the frequency offset estimating section 55 
1 08 estimates a frequency offset using the output signal 
of despreading section 106, and outputs a signal for 
compensating for the frequency offset to the AFC sec- 



tion 104. 

[0056] Thus, the correlation computation is per- 
formed by the matched filter having a high-speed syn- 
chronous lead characteristic in the initial synchronous 
mode, and the correlation computation is performed by 
the sliding correlator with low current consumption in 
the standby mode. This makes it possible to implement 
the establishment of high-speed initial synchronization 
of the mobile station and the extension of standby time 
and that of continuous communication time. 
[0057] It is noted that AFC after the A/D converter 
and the frequency offset estimating method in the 
above mentioned embodiment is one example, and that 
the present invention can be applied to the other AFC. 

(Embodiment 2) 

[0058] Here, if the current state is the standby 
mode, it is possible to demodulate scrambling code 
information of the adjacent base station of the data por- 
tion in a broadcast channel, and if it is the initial syn- 
chronous mode, it is impossible to demodulate 
scrambling code information. 

[0059] Embodiment 2 focuses attention on the 
above point, and explains a case in which the CDM4A 
receiving apparatus determines the mode based on 
whether or not scrambling code information of the adja- 
cent base station included in the demodulated signal is 
stored in a buffer. 

[0060] FIG. 9 is a block diagram showing the inter- 
nal configuration of the spreading code identifying sec- 
tion of the CDMA receiving apparatus according to 
Embodiment 2. The configuration of CDMA receiving 
apparatus according to this embodiment is the same as 
that of Embodiment 1 shown in FIG. 4, and the explana- 
tion will be omitted. 

[0061] The spreading code identifying section 105 
of FIG. 9 is one in which a buffer 501 in which scram- 
bling code information of the adjacent base station is 
stored and a mode determining section 502 for deter- 
mining the mode of the mobile station based on whether 
or not scrambling code information is stored in the buffer 
501 are added to the spreading code identifying section 
105 of FIG. 5. In FIG. 9, the same reference numerals 
as those of FIG. 5 are added to the portions common to 
FIG. 5, and the explanation thereof is omitted. 
[0062] The demodulating section 107 outputs infor- 
mation data, which has been demodulated and taken 
up, to the SCG identifying section 203, scrambling code 
generator 206, and buffer 501 , respectively. 
[0063] The SCG identifying section 203 inputs 
scrambling code information of the adjacent base sta- 
tion from the buffer 501 in the standby mode, and per- 
forms correlation processing using the corresponding 
scrambling code. 

[0064] The scrambling code generator 206 inputs 
scrambling code information of the adjacent base sta- 
tion from the buffer 501 in the standby mode, and out- 
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puts the corresponding scrambling code. 

[0065] The mode determining section 502 deter- 
mines whether or not the current state is the initial syn- 
chronous mode or the standby mode based on whether 
or not scrambling code information is stored in the buffer 5 
501 , and outputs mode information based on the deter- 
mination result. 

[0066] The switch controlling section 204 outputs a 
control signal for performing the switching of switching 
devices 205 and 21 1 based on the mode information w 
output from the mode determining section 502. 
[0067] Next, an explanation will be given of 
processing, which is performed by the mode determin- 
ing section 502 of FIG. 9 and switch controlling section 
204, using a flowchart of FIG. 1 0. 15 
[0068] It is preconditioned that scrambling code 
information of the adjacent base station included in the 
decoded signal is stored in the buffer 501 when the 
demodulating section 107 performs demodulation 
processing. It is noted that nothing is stored in the buffer 20 
501 if the current state is the initial synchronous mode 
since the demodulating section 107 performs no 
demodulation processing. 

[0069] First, in ST601, the mode determining sec- 
tion 502 confirms whether or not scrambling code infor- 25 
mation is stored in the buffer 501 . 
[0070] Then, if there is no scrambling code informa- 
tion in ST601 , the mode determining section 502 deter- 
mines that the current state is the initial synchronous 
mode so as to generate mode information showing the 30 
initial synchronous mode in ST602 and ST603, and out- 
puts the resultant to the switch controlling section 204. 
[0071 ] Then, the switch controlling section 204 con- 
trols the switching devices 205 and 21 1 so that correla- 
tion processing is performed by the sliding correlator 35 
210 based on mode information in which the current 
state is the standby mode in ST607. 
[0072] Next, the following will explain the flow of sig- 
nal received by the CDMA receiving apparatus accord- 
ing to this embodiment of the present invention. The 40 
explanation of the portions common to Embodiment 1 
will be omitted. 

[0073] Scrambling code information of the adjacent 
base station included in the output signal of demodulat- 
ing section 107 is stored in the buffer 501 . Scrambling 45 
code information of the adjacent base station stored in 
the buffer 501 is output to the SCG identifying section 
203, the scrambling code generator 206 and the mode 
determining section 502 in the standby mode. 
[0074] If scrambling code information of the adja- 50 
cent base station is stored in the buffer 501 , the mode 
determining section 502 determines that the current 
state is the standby mode, and if no scrambling code 
information is stored therein, the mode determining sec- 
tion 502 determines that the current state is the initial 55 
synchronous mode. 

[0075] Then, mode information, which shows the 
determination result, is input to the switch controlling 



section 204. The mode information is input to the 
matched filter 209 through the switching device 205 by 
control of the switch controlling section 204 based on 
mode information in the initial synchronous mode, and 
the mode information is input to the sliding correlator 
210 in the standby mode. 

[0076] Thus, the use of mode determining section 
502 makes it possible to switch the initial synchronous 
mode and standby mode in accordance with the state of 
mobile station even if the input of new mode information 
is not provided. Therefore, in a state that both low cur- 
rent consumption and high-speed synchronous lead 
characteristic are excellent, improvement in perform- 
ance of initial synchronous establishment, extension of 
standby time and that of communication time can be 
obtained. 

(Embodiment 3) 

[0077] Here, if the current state is the standby 
mode, it is possible to estimate that AFC operates with 
high accuracy. Embodiment 3 focuses attention on the 
above point, and explains a case in which the mode is 
determined based on whether or not scrambling code 
information is stored in the buffer and whether or not 
AFC operates normally. 

[0078] FIG. 1 1 is a block diagram showing the con- 
figuration of the CDMA receiving apparatus according 
to Embodiment 3. The configuration of the CDMA 
receiving apparatus of FIG. 1 1 is different from that of 
FIG. 4 in the point that the frequency offset estimating 
section 1 08 outputs a signal for compensating for a fre- 
quency offset to the spreading code identifying section 
1 05 in addition to AFC section 1 04. 
[0079] FIG. 12 is a block diagram showing the con- 
figuration of the spreading code identifying section of 
the CDMA receiving apparatus according to Embodi- 
ment 3. The spreading code identifying section 105 of 
FIG. 12 is one in which a compensation determining 
section 701 for determining whether or not AFC oper- 
ates normally is added to the spreading code identifying 
section 105 of FIG. 9. In the spreading code identifying 
section of FIG. 12, the same reference numerals as 
those of FIG. 9 are added to the configuration portions 
common to FIG. 9, and the explanation is omitted. 
[0080] In a case where an absolute value of a fre- 
quency offset is smaller than a predetermined threshold 
value, the compensation determining section 701 deter- 
mines that AFC is in a steady state and outputs a signal, 
which shows the determination result, to the mode 
determining section 502. 

[0081] In a case where an absolute value of a resid- 
ual frequency offset is smaller than a predetermined 
threshold value, reliability relating to the identification of 
scrambling code is low. In this case, if control for per- 
forming an operation from the slot/chip synchronization 
again is made, accuracy in the identification of scram- 
bling code is more improved. 
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[0082] Based on whether or not scrambling code 
information is stored in the buffer 501 and whether or 
not AFC is in a steady state, the mode determining sec- 
tion 502 determines whether the current state is the ini- 
tial synchronous mode or standby mode, and outputs 
mode information based on the determination result. 

[0083] Next, an explanation will be given of 
processing, which is performed by the mode determin- 
ing section 502 of FIG. 12 and the switch controlling 
section 204, using a flowchart of FIG. 13. 
[0084] It is preconditioned that a signal in which 
AFC operates normally is output to the mode determin- 
ing section 502 from the compensation determining 
section 701 if AFC is in the steady state. 
[0085] First, in ST801, the mode determining sec- 
tion 502 confirms whether or not scrambling code infor- 
mation is stored in the buffer 501 . 
[0086] Then, if scrambling code information is 
stored in the buffer 501 in ST801 , the mode determining 
section 502 confirms whether or not a signal in which 
AFC is in a steady state operates is input from the com- 
pensation determining section 701 in ST802. 
[0087] Then, if no scrambling code information is 
stored in the buffer 501 in ST801 or AFC is not in the 
steady state in ST802, the mode determining section 
502 determines that the current state is the initial syn- 
chronous mode so as to generate mode information, 
which shows the initial synchronous mode, and outputs 
it to the switch controlling section 204 in ST803 and 
ST804. 

[0088] Then, the switch controlling Section 204 
controls the switching devices 205 and 21 1 such that 
correlation processing is performed by the matched fil- 
ter 209 based on mode information in which the current 
state is the initial synchronous mode in ST805. 
[0089] Moreover, if AFC is in the steady state in 
ST802, the mode determining section 502 determines 
that the current state is the standby mode so as to gen- 
erate mode information, which shows the standby 
mode, and outputs it to the switch controlling section 
204 in ST806 and ST807. 

[0090] Then, the switch controlling section 204 con- 
trols the switching devices 205 and 21 1 such that corre- 
lation processing is performed by the sliding correlator 
210 based on mode information in which the current 
state is the standby mode in ST808. 
[0091 ] Next, the following will explain the flow of the 
signal received by the CDMA receiving apparatus 
according to this embodiment of the present invention. It 
is noted that the explanation of the portions common to 
Embodiment 2 will be omitted. 

[0092] The residual frequency offset detected by 
the frequency offset estimating section 1 08 is compared 
with a threshold value by the compensation determining 
section 701. Then, if an absolute value of the residual 
frequency offset is smaller than the threshold value, it is 
determined that AFC is in the steady state, and the 
resultant is output to the mode determining section 502. 



[0093] In the case where scramble code informa- 
tion of the adjacent base station is stored in the buffer 
501 and AFC is in the steady state, the mode determin- 
ing section 502 determines that the current state is the 
5 standby mode, and the mode determining section 502 
determines that the current state is the initial synchro- 
nous mode in the other case. 

[0094] Then, mode information, which shows the 
determination result, is input to the switch controlling 

10 section 204, and the mode information is input to the 
matched filter 209 through the switching device 205 by 
control of the switch controlling section 204 in the initial 
synchronous mode, and the mode information is input 
to the sliding correlator 21 0 in the standby mode. 

15 [0095] Thus, the point whether or not scramble 
code information is stored in the buffer, and the point 
whether or not AFC operates normally from the com- 
pensation value of the frequency offset are set as deter- 
mination conditions, whereby making it possible to 

20 perform mode determination with high accuracy and 
reliability. 

[0096] As is obvious from the above explanation, 
according to the CDMA receiving apparatus of the 
present invention and the CDMA receiving method, the 

25 correlator to be used is selected according to each 
mode such that the matched filter having a high-speed 
synchronous lead characteristic is used in the initial 
synchronous mode and the sliding correlator with low 
current consumption is used in the standby mode, with 

30 the result that initial synchronization can be established 
at high speed and the reduction in current consumption 
can be improved. 

[0097] This application is based on the Japanese 
Patent Application No. HEI 1 1-031329 filed on February 
35 9, 1999, entire content of which is expressly incorpo- 
rated by reference herein. 

Claims 

40 1. A CDMA receiving apparatus comprising: 

a matched filter; 
a sliding correlator; 

switching means for switching an input destina- 
45 tion of a received signal to said matched filter 

or said sliding correlator; 
switch controlling means for controlling said 
switching means based on mode information 
showing a state of the apparatus; 
so peak detecting means for detecting a spread- 

ing code wherein a correlation value output 
from said matched filter or said sliding correla- 
tor is maximum; and 

despreading means for performing despread 
55 processing using said detected spreading 

code. 

2. The CDMA receiving apparatus according to claim 
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1, wherein said switch controlling means performs 
correlation processing using the matched filter 
when power is on, and performs correlation 
processing using the sliding correlator at the time of 
movement between cells. 5 

3. The CDMA receiving apparatus according to claim 
1 further comprising: 

storing means for temporarily storing demodu- w 
lated information; and 

mode determining means for determining a 
state of the apparatus from information stored 
in said storing means, wherein said switch con- 
trolling means controls said switching means 15 
based on mode information, which is output 
from said mode determining means and which 
shows the state of the apparatus. 

4. The CDMA receiving apparatus according to claim 20 
3, wherein said mode determining means deter- 
mines that the state of the apparatus is at the time 

of movement between cells when scrambling code 
information is stored in said storing means. 

25 

5. The CDMA receiving apparatus according to claim 
3, further comprising: 

steady state confirming means for outputting a 
confirmation signal to said mode determining 30 
means when an amount of frequency offset is 
within a predetermined range, wherein said 
mode determining means determines the state 
of the apparatus based on whether or not infor- 
mation is stored in said storing means and 35 
whether or not said confirmation signal is input 
from said steady state confirming means. 



peak detecting means for detecting a spread- 
ing code wherein a correlation value output 
from said matched filter or said sliding correla- 
tor is maximum; and 

despreading means for performing despread 
processing using said detected spreading 
code. 

8. A base station apparatus, which performs commu- 
nication with the communication terminal apparatus 
described in claim 7. 

9. A CDMA receiving method comprising the steps of: 

performing correlation processing using a 
matched filter when power is on; 
performing correlation processing using a slid- 
ing correlator at the time of movement between 
cells; 

detecting a code wherein a correlation value 
output from said matched filter or said sliding 
correlator is maximum; and 
despreading a received signal using said 
detected code. 

10. The CDMA receiving method according to claim 9, 
wherein correlation processing is performed using 
the sliding correlator when scrambling code infor- 
mation is stored in a buffer. 

11. The CDMA receiving method according to claim 9, 
wherein correlation processing is performed using 
the sliding correlator when scrambling code infor- 
mation is stored in a buffer and an amount of fre- 
quency offset is within a predetermined range. 



6. The CDMA receiving apparatus according to claim 
5, when scrambling code information is stored in 40 
said storing means and said confirmation signal is 
input from said steady state determining means, 
said mode determining means determines that the 
state of the apparatus is at the time of movement 
between cells. 45 



7. A communication terminal apparatus having a 
CDMA receiving apparatus installed therein, said 
CDMA receiving apparatus comprising: 

50 

a matched filter; 
a sliding correlator; 

switching means for switching an input destina- 
tion of a received signal to said matched filter 
or said sliding correlator; 55 
switch controlling means for controlling said 
switching means based on mode information 
showing a state of the apparatus; 



8 



EP 1 071 224 A1 




9 



EP 1 071 224 A1 




10 



EP 1 071 224 A1 




11 



EP 1 071 224 A1 




12 



EP 1 071 224 A1 




13 



EP 1 071 224 A1 




EP 1 071 224 A1 




15 



EP 1 071 224 A1 



ST401 




ST402 
INITIAL NO 
lYNCHRONIZATION? 



ST403 



USE MATCHED FILTER 



C 



END 



5 



ST404 




FIG.8 



EP 1 071 224 A1 









CD 


CO 


IN 






J— 1 




















1 




UJ 








o 








or 


J— t 


cu 








H- 


co 


<_> 




CO 


O 


UJ 


LU 


o 


LU 


UJ 




CO 


1— 




CO 


▲ 











C3 



£3 I — » 
O ] — * 

o 



mow 



CM 









o 






Ol 




I— i 








o 










O ! 


o 




1 




CO 


o 












CO 



I 







CD 


LATO 






I 




CO 






o 





o 







ORJ 




UJ 


(AT 


| 




UJ 






UJ 


^o 




CD 



o o 



17 



EP 1 071 224 A1 




START 



IS 

THERE SCRAMBLING 
CODE? 



ST601 



YES 



ST602 



DETERMINE AS INITIAL 
SYNCHRONOUS MODE 




GENERATE ' H05 



INFORMATION SHOWING 
INITIAL SYNCHRONOUS 
MODE 



ST603 



ST604 



USE MATCHED FILTER 




END 



5 



YES 



ST605 



DETERMINED AS STANDBY 
MODE 



ST606 



GENERATE MODE 
INFORMATION SHOWING 
STANDBY MODE 



ST607 



USE SLIDING CORRELATOR 



FIG. 10 



18 



EP 1 071 224 A1 




19 



EP 1 071 224 A1 



CD CO 



CD CO 



CD 



oo 



CD 



LU O 



a. I — 
CO o 
UJ LU 



CO <J> 
UJ UJ 
O CO 



UJ ) — :< O 

^ UJ SC i— i 

S H (- 

O HI LL h- o 
DC U— CO UJ 
LL LL O HI CO 



S O I — 

o z o 
os: lu uj 
ll o oo 



O 
CM 



CD 



J— UJ 
22: co 



CM 

o 

to 





CD 










JJ 


INIWH 


LVICE 




LU 
1— 






UJ 











to 

Ul 



CM 
O 
CM 



CD 



CD 



CM 

cm 

w 



i 



CD 



CO 



UJ LU 

J— co 

LU 




CD 

o 

CM 

W 



LU 



LU 




CO 

o 

CM 



2 H- LU 
Z CO 

o 



CO I — o 
3: LU 
UJ CO 



























1 — 












5 


o 




CM 








o 
















CO 




















CO 



I 



CM 

-A. 



r 







CD 
i— i 






LU 


•— i 

CO 


ORR 




o 



:l_ 



oo 
o 

CM 



CM 



CD 



UJ 



CD 
>— i 


ATOR 






1 

CO 


ORRl 







o 

CM 

CO 



CM 

d 



ifj 



20 



EP 1 071 224 A1 




ST801 



NO 



AFC 
IS IN STEADY 
STATE 

YES 



ST802 



ST803 



DETERMINE AS INITIAL 
SYNCHRONOUS MODE 



ST806 



DETERMINED AS STANDBY 
MODE 



GENERATE MODE 



ST804 



INFORMATION SHOWING 
INITIAL SYNCHRONOUS 
MODE 



ST805 



ST807 



GENERATE MODE 
INFORMATION SHOWING 
STANDBY MODE 



ST808 



USE MATCHED FILTER 




END 



USE SLIDING CORRELATOR 



FIG.13 



21 



EP 1 071 224 A1 





INTERNATIONAL SEARCH REPORT 


International application No. 






PCT/JP00/00626 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 H04B1/707, H04J13/04 



According to International Patent Classification (IPC) or to both national classification and IPC 
B, FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 H04B1/69-1/713, H04 J13/00-13/06 
HO4Q7/00-7/38 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Kdho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-2000 

Kbkai Jitsuyo Shinan Koho 1971-2000 Jitsuyo Shinan Toroku Koho 1996-2000 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


EP, 838910, A2 (NTT MOBILE COMMUNICATIONS NETWORK INC. ) , 


1,2,7-9 




29 April, 1998 (29.04.98), 




A 


Full text; Figs. 1 to 9 


3-6,10,11 




& JP, 10-16380, A St US, 5910948, A 






& KR, 98033104, A 




X 


EP, 757450, A2 {YOZAN INC.), 


1,7,8 


A 


05 February, 1997 (05.02.97), 


2-6,9-11 




page 2, line 1 to page 3, line 51; Figs. 1 to 4 






& JP, 9-46174, A 






page 2, column 1, line 1 to page 3, column 4, line 23 






& US, 5781584, A 




A 


Kenichi Higuchi, et al., W DS~CDMA kichikyokukan hidoki 


1-11 




cellular hoshiki ni okeru long code no 2dankai kosoku shoki 






dokiho", Technical research report, The Institute of 






Electronics, Information and Communication Engineers, 






Vol.96, No. 50, (20 May, 1996) (Tokyo) , p. 27-32 





Further documents are listed in the continuation of Box C. Q See patent family annex. 



Special categories of cited documents: 
document defining the general state of the art which is not 
considered to be of particular relevance 
earlier document but published on or after the international filing 
date 

document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 
"O" document referring to an oral disclosure, use, exhibition or other 



* 

"A" 

Mr n 



'P" document published prior to the international filing date but later 
than the priority date claimed 



T later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

" Y* document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the ait 
document member of the same patent family 



Date of the actual completion of the international search 
02 May, 2000 (02.05.00) 


Date of mailing of the international search report 
16 May, 2000 <16.06.00) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



22 



